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Rare Decays

Decays with (very) small BR predicted by the SM
> High sensitivity to new physics contributions!

* Flavor changing neutral currents (FCNC)
- BO(s) — UTu Loop and
b penguin
= D> utu processes
in SM
- D+ %ﬂ:"'},l"' M_ N

« Charmless hadronic B decays

. Ab — pn / pK CKM suppressed in SM I




Heavy hadron production at the Tevatron
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> Huge bb and cC cross section | x Background tracks

> Production of all heavy hadron ~ from fragmentation
species in fragmentation — High combinatorial

but BELLE  EEEARLG
x Inelastic cross section
~103 times larger
than o(bb)
— Trigger: muon pairs,
displaced tracks




Sighal extraction

Signhal background discrimination:
* Invariant mass (m)

- Lifetime (L, )

« Momentum (p)

« Pointing angle (9)

. Decay topology (p,.p,)
« Vertex fit quality (y?)

 |solation (!)




SM:

NP:
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BR(B, — utu) =(3.42 £ 0.54) x 10°
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Buras, Phys. Lett. B566, 115 (2003)

BR(B® — ptp7) = (1.00 £+ 0.14) x 10'° suppressed by (V,/V,.)?

MSSM: BR ~ tan®(B)
R-parity violating SUSY: enhancement also at low tan(p)
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& At current
sensitivity
any signal

would indicate
\ new physics
)




Selection optimization “* "

« Signal: MC
Bkg: data mass sidebands

| DO Run Ila Preliminary

Signal MC
— Data
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« Discriminating variables
combined in

> Likelihood ratio (DO) SRR
> Neural network (CDF)
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5 = CDFIl(2fb")
« Check for bias of NN 2 ol — o S
.% L, e Data Sideband
v Uyt uus, negative lifetime & | e
and fake muon sample o
v background vs. A L &

background NN training | © v (NN Output)




Backgrounds and normalization By

° Comblnatorlal background ) CDF Il Preliminary L=2 b’
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Limit calculation “*‘—‘_’ o
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« No significant excess -
= calculate limit "

+ CDF: Split sample in5 mass  :°" I
bins and 3 NN output bins 2.
— 15% improved sensitivity %

« Bayesian limit calculation
Including systematic
uncertainties
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Limits on BR(B, — p* w) at 90% CL 95% CL Limits on B(Bs — uu)
100 e
> DO (2 fbl): 7.5x 108 - OCDF ADO|
> CDF (2 fbl): 4.7 x 10°® M s |
. SM: 3.4 x 10° < 1o
" " c A 2005
% 02005 :
Limits on BR(B® — u* ) at 90% CL & 007
> CDF (2 fbl): 1.5x 1038 5 =
© New Physics | |
. BaBar (2007): 5.2 x 108 B ¥
Eessnaasppeusnpsnmppannnnnsnn
e Belle (2003) 1.6 x 107 Standard Model Expectation ||

Newworld's B[l ] |
* SM: 1.0 x 101° best limits 10 100 1000
x10'? pp Collisions




D — p* - vl

- B®,:down type quarks < D°: up type quarks

W+ +
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SM:
At current
° . _~ -18
Short range contr. GIM suppressed: BR ~ 10 iy

 Long range contr. (e.g. D% — p/w/d vy — yy — utu): any signal

BR =>4 x 1013 would indic.ate
new physics

NP:
* No significant enhancement in R-parity conserving SUSY
« BR up to O(10°) possible in R-parity violating SUSY




Analysis overview oy

CDF Run Il Preliminary, L = 360 pb”

» Displaced track trigger ;6000 —
gsoooi W|tho|u[’§
- . muon
> Normalization to D° — nt - 2 ol
« Background reduction by D" tag g
S2000f
©) [

« Muon ID efficiency from Jiy — p*u- data ™.
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= Muon mistag rate from D° — K* - data i Mass [GeVic]
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CDF Run Il Simulation
i — D° — pu MC Sim.
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— B — puX MC Sim.

Backgrounds estimated from MC

Fraction per bin
o
N
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* Dominant B — puX background 0.15
reduced by cut on probability ratio 010}
using impact parameter (d,) and 0.05¢
decay length significance %970 005 000 005 0.10

d, [cm]




Result
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CDF Run Il Preliminary, L=360 pb'1
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Bayesian limit on BR(D®° — utu-) at 90% CL
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Resonant D* , decay

« Selection of events with
m(u* ) in ¢ signal region

e Fit m(xrptu-) spectrum:
N(D,*) = 254 = 36, N(D*) = 115 += 31

10000

Events / 5 MeV/c’
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S
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» Statistical significance: * bt~ o;s(wg?gwl)ls ~Ta0
8o for D" and D*, 4.1c for D* %My 4 D, .

« Use D,* as normalization mode: E s00l. < obsglrflsattionl
BR(D* — 0 T — u* u- *) = 3 y ;
(1.8 £ 0.5 = 0.6) x 10° g 0ol BDEE R

 Consistent with BR(D* — ¢ ) X M

BR(¢ — ) = (1.86 = 0.26) x 106 9L
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40 1.65 1.90 215 240

m(x 1) (GeVic)




Continuum decay u_’“

 Exclude ¢ mass region 15

» 19 candidates in D* window | DG

> 90% C.L. Bayesian limit (1.3 fb):

BR(D* — 7+ u* ) < 3.9 x 10°® 140 i.lss'i';ilé'd - 'z.;ls' T 240
m(T i u ) (GeV/eY)

« BaBar (20006): 2.4 x 10> New world's
best limit 152094
e Focus (2003): 7.4 x 10°
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« Background expectation:
25.8 £+ 4.6 — p-value = 14%

« Normalization to
D* o7, ¢ > ut

Events / 20 MeV/c
wn
e ——




W'/
> J/ > u
Vub
u > u u > u
d > d d > d
SM:
. Tree level process suppressed by V Measurement
. : : : : constrains
Pengum contrlbut!ons of comparable size (new) physics
— direct CP violation parameters

. BR=0(10%), A_, = O(10%)

NP:  R-parity violating SUSY can increase BR by up to a factor

of O(10%) and reduce A_, by O(10)




Signal extraction p A, — K

CDF Run Il Preliminary L =1 fb™

e “Spin-off” of B — h*h'- analysis

e 800" * Data
(first observation of both rare 2 700~ e
& - B B, » K'K
Ab decayS) 26005 B B - K n*+cc
. - § 500;_ B> nt v
 Unbinned fit of 3 400" 5, KK
8 noot I
> m(TCTC) :zzg | =//t§e|2K'+cc
> decay particle momenta 100 -E'ﬁﬂf::fb
» PID(dE/dx) "

+2=13.39/28 5.4 5.6 5.8
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F| e Data
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60 Fl | N
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50 e

« D" data used to

= check mass model

Candidates per 0.30 Interval

» calibrate dE/dx o Wi | |




BR measurement p +— A, — K

Normalize to B® - Kt - CDF: 1 fb'
> f.,-BR(A,—pn) / f,,-BR(B°*—=K*n") = 0.0415 + 0.0074 + 0.0058

- f,,'BR(A,—pK) / f,,'BR(B°—>K*1-) = 0.0663 = 0.0089 % 0.0084

First BR measurement of hadronic
, charmless b baryon decay
Derived results:

hep/ex 0801.4375

fAb/fBO from CDF f/\b/fBO from PDG predlctlon

Mohanta, Giri, Khanna,

BR(A,—p) [10°] 14+£037% 5 31+06+07 1 @ iestra00m 5005
BR(A,—pK") [10°] 22x03*" . 50+07+10 2

Normalize to Ab — AC+7r:
BR(A,—p7) / BR(A,—»A *m) [103]  0.355 + 0.063 + 0.080 + 0.096 (BR(A *))
BR(A,—pK) / BR(A,—A *m) [103]  0.567 £ 0.076 £ 0.120 + 0.150 (BR(A *))




A., measurement p +— A, — K

B(Ay — ph™) —B(Ay, — ph™)
B(Ay — ph~) +B(Ay, — pht)

Acp(Apy = ph™) =

o Efficiency ratio from CDF Run Il Preliminary L =1 fb™
. : _ 52005
inclusive A pr, A5 B B pan gl
(and DO AN K_TC+, 50 AN K+TC_) é_'eoi pdf(Ay) + pdf(Ay)
5140 + Data
- Ap(A,—prr) = 8120
0.03 £0.17 £ 0.05 3100-
S 80
- Ap(A,—pKY) = 60~
0.37 £0.17 +£ 0.03 40 &
20F =

First direct CP violation measurement b 02 04 06 08 1
of hadronic charmless b baryon decay Relative Likelihood A;.(A,— pK)




Summary of Tevatron results

« New world's best limits on FCNC decays

u BS — M"‘ u— — c > ’ < H+
— I
= BO H-I- Ty 21k" 22k ,
1.5VBR(D° — u* u-) |~
n D0%u+u—/' <98 x 104 :q
@ 90% C.L. :
« DY smrutue u R H

* First measurement of hadronic charmless b baryon decay
= BR
- ACP

> Significant reduction
of new physics parameter space




Backup




General analysis procedure

- Optimization of selection
(cuts, likelihood ratio, neural network)
- N

- Background estimation — N__ = N_ .- N,

> Normalization to mode with well known BR
and similar final state

B(Sig . X) _ Nsig ‘ €norm ‘ Jnorm ‘ B(norm . X;)
Nnorm €sig fsig

- If significant signal — measure BR
else — calculate limit




D® — prp

Backgrounds
Detector CMU-CMU CMU-CMX CMX-CMX
Combinatorial Background 0.040 = 0.007 0.008 £ 0.001 0.0007 = 0.0001
DO - ntmr Double Tags 0.530 £ 0.005 0.057 £ 0.001 0.012 £ 0.002
DO - Krr Double Tags < 0.01 < 0.01 < 0.01
Semileptonic DO Decays < 0.36 < 0.20 <0.10
B Decays Involving One Real Muon 0.54 £+ 0.06 0.13 £ 0.03 0.07 £ 0.02
B Decays Involving Two Real Muons 3.8 £ 1.3 25*1.0 1.0+ 0.5
Total Expected Background 49+ 1.3 2.7x1.0 1.0+ 0.5
Observed Events 3 0 1




D® — prp

CDF Run Il Preliminary, L = 360 pb'1 CDF Run Il Preliminary, L = 360 pb'1
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